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INTRODUCTION 
The Noctuidae includes numerous pest insect species 
important to North American agriculture, included in this 
family of nocturnal moths is the stalk borer, Papaipema 
nebris Gn. This insect has long been reported as a pest of 
various agricultural crops, especially small grains and field 
corn (Decker 1931). Stalk borer damage has been sporadic in 
the past, although localized severe infestations were found 
from year to year. During the last few summers, however, 
reports of stalk borer infestations have increased as more 
acres of corn have been grown by conservation tillage methods 
(Rubink and McCartney 1982, Stinner et al. 1984). This 
increase in damage reports can be attributed to increased 
grass and weed infestations associated with conservation 
tillage fields. Because stalk borer moths preferentially 
select dried perennial grasses and weeds as ovipositional 
sites, weedy conservation tilled fields generally support 
greater numbers of stalk borer larvae (Stinner et al. 1994). 
Although Lowry (1927) and Decker (1931) authored 
extensive publications concerning the basic biology of the 
stalk borer, numerous questions remain unanswered. To better 
understand the importance of this insect as it applies to 
modern agriculture, a merging of historical and current 
knowledge is required. I therefore determined 2 broad qoals 
for ray research. The first was to review and verify existing 
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pertinent knowledge about the stalk borer. My second goal 
was to conduct research concerning the phenology, damage 
syndrome, and damage potential of this agricultural pest. To 
achiuve those goals my specific objectives were as follows: 
1. To review the literature and verify pertinent 
information. 
2. To determine the phenology and seasonal abundance of 
stalk borer moths. 
3. To describe the plant damage syndrome associated with 
larval stalk borer infestations. 
4. To determine yield loss potential of field corn 
plants damaged by stalk borer larvae. 
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LITERATURE REVIEW 
Systematics. The stalk borer, Papainema nebris (Guenee), was 
first described by Guenee (1852) from 5 specimens sent to 
France from Illinois (Lintnor 1882, Forbes 1905, Decker 
1931). The white-marked-wing form of moth was described as 
Gortyna nebris and the unmarked-wing form as a distinct 
species, Gortyna nitela (Lowry 1927). This confusion existed 
until Riley (1881) demonstrated, through rearing experiments, 
that the two forms were actually varieties of the same 
species (Lintner 1882, Smith 1905). 
The generic name of the stalk borer changed frequently 
in the early literature between Gortyna and Hydroecia, with 
Papaipema emerging when Smith (1899) divided Hydroecia into 
two subgenera, Hydroecia and Papaipema (Decker 1931). 
Although Guenee (1852) gave nebris priority as the species 
name of the stalk borer, numerous later authors (e.g., Riley 
1867, 1881; Smith 1877; Lintner 1382; Smith 1893, 1899; Bird 
1398, 1902; Dyar 1902; Forbes 1905; Bruner and Swenk 1907; 
Franklin 1908; Washburn 1908, 1910a, 1910b) incorrectly used 
nitela to designate the species, because the nitela form was 
often in greater abundance tnan the nebris form. Additional 
confusion concerning the correct scientific name of the stalk 
borer developed when Lyman (1901) and Smith (1905) correctly 
used nebris as the species name, but used a genus name other 
than Papaipema when discussing stalk borer classification and 
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life history. Hampson (1910) corrected this inconsistency 
and confusion in the literature by initiating the use of 
Papaipema nebris (Guenee), the currently accepted scientific 
name of the stalk borer. 
Life History and Ecology. Early work on the biology of this 
insect was reported by Riley (1867, 1869) when ho described 
larval characteristics and presented a partially correct 
account of the stalk borer life cycle. Riley (1867, 1869) 
determined that stalk borers produce 1 generation annually, 
with larvae feeding throughout the summer. Adults were found 
to emerge in late summer and early autumn, but Riley (1869) 
erroneously reported that stalk borer moths overwinter in a 
state of torpor. This inaccurate account of the life cycle 
was perpetuated by later authors (Smith 1877, Lintner 1832) 
until Forbes (1905) and Smith (1905) separately determined 
that eggs were the overwintering stage. Forbes (1905) based 
his conclusion on the fact that hibernating moths could not 
be found during the winter, while Smith (1505) drew his 
conclusion from rearing studies conducted by Ouetenmuller of 
the American Museum of Natural History. 
Buetenmuller was first to describe the stalk borer egg 
after obtaining eggs from reared moths during studies at the 
turn of the century (Smith 1905). In later studies Lowry 
(1927) and Decker (1931) both described all life stages of 
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the stalk borer including the egg stage. Because the first 
and last eggs deposited hatched at the same time, Lowry 
(1927) determined the date of egg hatch to be independent of 
the date of egg deposition. Although Lowry (1927) observed 
the period of egg hatch in the laboratory as approximately 3 
weeks, he suggested that the period of egg hatch under field 
conditions was probably more expanded because of variability 
in wgg exposure to environmental conditions. Furthermore, 
Decker (1931) determined temperature to be the primary factor 
influencing the date of eclosion and relative humidity as the 
most important influence on egg surviorship. Levine (1983) 
has formulated a thermal unit model which uses degree-day 
accumulations to predict development and occurrence of 
various stalk borer life stages. 
The number of stalk borer larval stages was determined 
from rearing studies by Lowry (1927) and Decker (1931) to be 
7-10 and 7-16, respectively. Both authors found that 7-8 
larval stages are required to complete normal development. 
However, when nutritional deficiencies are encountered, the 
number of molts remains constant, while the amount of growth 
in each instar during each stadium decreases. This 
phenomenon results in a greater number of stages per larva as 
compared to individuals with nutritionally sufficient diets 
(Decker 1931). In addition, females were observed to exhibit 
longer larval stadia than males, because females often nave 
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increased numbers of molts (Lowry 192?, Decker 1931). 
Pupation of stalk borer larvae occurs either in the 
bottom of the larval feeding burrow within the host plant or 
just below the surface of the soil adjacent to the host plant 
(Riley 1869, 1881; Smith 1877; Lintner 1882; Smith 1905; 
Lowry 1927; Decker 1931). The pupation period is relatively 
consistent from year to year and ranges from the middle of 
July through August. Decker (1931) states that temperature 
is the major factor influencing the length of the pupal 
stage, resulting in decreased pupal duration as temperature 
increases. In contrast, Levine (1983) found pupal duration 
to increase proportionally with increasing temperatures to a 
level of 2l,l®Ci after which the pupal duration decreases as 
temperature* continue to increase. Several authors (Lowry 
1927, Decker 1931, Levine 1983) have reported that male stalk 
borers remain in the pupal stage 1-3 days longer than 
females. Decker (1931) reported an inverse relationship 
existing between the length of the larval stage and pupal 
stage. He found that increased larval duration results in a 
decreased pupal duration. This adjustment in the length of 
the pupal stage, contingent upon the duration of the larval 
stage, may act to synchronize the date of adult emergence 
irrespective of the date of egg hatch or larval duration. 
Several investigators have assessed the dates of adult 
stalk borer emergence (Table 1). Washburn (1908, 1910a) 
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indicated that emergence occurred from 24 August to 1 October 
in Minnesota, and Lowry (1927) found moths emerging from 1 
September to 5 October in New Hampshire. In Iowa, Decker 
(1931) reported emergence dates ranging from 6 August through 
5 October with a majority of moths emerging during the first 
2 weeks of September. Knutson (1944) recorded captures of 
stalk borer moths in Minnesota from 25 August through 29 
September. In a second Iowa study, Browning (1952) surveyed 
numerous noctuid species and captured stalk borer adults from 
7 August through 10 October. These emergence dates were in 
close agreement with emergence dates previously reported by 
Decker (1931). In a recent Illinois study, Levine (1983) 
observed the dates of first moth emergence and 50% flight as 
17 August and 19 September, respectively. Following 
umorgence, Lowry (1927) and Decker (1931) reported that adult 
longevity varied from 3-36 days. They noted, however, that 
adults emerging later in the flight period generally live 
longer because of decreased exposure to warmer environmental 
temperatures. 
The sex ratio of emerging adults was determined as 62% 
female from a sample of 2,335 greenhouse reared individuals 
(Decker 1931). Similarly, Levine (1983) found a laboratory 
reared population to consist of 55.7% female stalk borers. 
Decker (1931) noted that males ani females frequently mate 
more than once. Mating generally occurs from 8 P.M. to 2 
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A.M. on the first night following emergence (Lowry 1927, 
Decker 1931). Changes in female body posture and behavior 
observed by Decker (1931) may indicate the use of pheromones 
for host finding and identification. There are no reports, 
however, of a semiochemical being isolated or identified from 
adult stalk borers. 
Once mated, females apparently preferentially select 
certain grasses and broadleaf weeds as ovipositional sites. 
Forbes (1905), Bruner and Swenk (1907), and Stinner et al. 
(1934) stated that grassy areas are preferred as egg laying 
sites. More specifically, Lowry (1927) found that bluegrass 
and timothy were preferred, although several other dried 
grasses were also proved to be suitable sites for egg 
deposition. Other authors (Smith 1905, Washburn 1910a, 
Britton 1919, Decker 1931) not only found certain grasse» to 
be preferred but also broadleaf weed species such as giant 
ragweed (Ambrosia trifida L.), Dock (rumex spp.), and green 
pigweed (Areacanthus retroflexus L.). Decker (1931), however, 
speculated that stalk borer moths do not select specific 
plant species for egg deposition, but rather chose host 
plants by the tactile stimulation received from physical 
structures of the plants. In reality, several different 
forms of stimuli may be responsible for the elicitation of 
the ovipositional response. These stimuli may include 
visual, olfactory, tactile, gustatory, or other cues not yet 
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fully understood (Maxwell and Jennings 1980). 
Stalk borer larvae are general feeders and have been 
recorded as attacking a minimum of 176 different host plant 
species (Decker 1931). Newly hatched larvae were reported by 
Riloy (1881) to prefer bluegrass (Poa pratensis L.), and 
Lowry (1927) also found numerous stalk borer larvae initially 
infesting timothy (Phleum pratense L.) and orchard grass 
(Dactylis qlomerata L.). Decker (1931) questioned whether 
newly hatched larvae actually exhibit preference behavior and 
speculated that upon eclosion, the larvae simply infest the 
nearest suitable host plants. Young larvae enter grasses by 
boring into stems from beneath leaf sheaths, by boring 
directly into the leaf sheaths, or by entering the top of the 
plants and boring into the plant whorls (Decker 1931). In 
contrast. Decker (1931) reported that entry into seedling 
broadleaf weeds is usually gained by boring directly into the 
petioles of the host plants where the larvae feed and burrow 
similar to leaf miners, although entry may also be gained by 
boring through the plant stem. 
Although preferential selection of host plants by newly 
emerged larvae is questionable, several studies suggest that 
later larval stages actively select specific plant species as 
sources of food and shelter. The giant ragweed (Ambrosia 
trifida L.) is often cited as one of the most preferred host 
plant species (Smith 1877, Bird 1898, Smith 1905, Mashburn 
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1908 1910a, 1910b, Hampson 1910, Lowry 1927, Decker 1931, 
Hsiao and Holdaway 1966). Additionally, Riley (1869), Smith 
(1877), and Shaffer (1890) all found stalk borer larvae 
frequently infesting cockleburr (Xanthium strumarium L.). 
The giant burr-elder (iva xanthifolia L.), dock (Rumex spp.), 
and burdock (Arctium minus Bernh.) are other plant species 
often preferred by migrating stalk borer larvae (Smith 1905, 
Washburn 1908 1910a, 1910b, Hampson 1910). Again, Decker 
(1931) refuted reports that suggested that migrating larvae 
actively select specific species of host plants. Instead, ho 
believed that larvae readily accept any large stemmed 
succulent plants after encountering them by random movement. 
Decker (1931) observed that migrating stalk borer larvae seem 
attracted to upright objects, which they climb and examina 
thoroughly. If the objects are not suitable, the stalk 
borers descend and continue searching for appropriate host 
plants. Decker (1931) frequently observed migrating latvae 
to pass within inches of host plants to select an upright 
stick for examination. This behavior suggests that visual 
and olfactory cues seemingly are not used to discriminate 
suitable host plants until larval contact with the host 
species is almost assured (Decker 1931). 
Injury by stalk borer larvae varies in appearance and 
severity, depending upon the size of the larvae and the age 
and species of host plants being infested (Lowry 1927, Decker 
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1931). Injury to grasses and seedling broadleaf weeds is 
caused by burrowing and feeding activities of newly emerged 
larvae (Decker 1931). Damage to grasses is characterized by 
wilting and drying of plant parts located above the site of 
infestation (Lowry 1927). in contrast, seedling broadleaf 
weeds generally develop tissue scarring on petioles and 
emerging leaves because of gallery construction and leaf 
mining activities by stalk borer larvae (Washburn 1910b, 
Lowry 1927). 
As larvae grow, most initial host plants become too 
small to accommodate the activities of the borers (Decker 
1931). To avoid spatial and nutritional constraints, larvae 
migrate and infest one or more additional host plants before 
changing into pupae (Smith 1877, Riley 1881, Lintner 1882, 
Forbes 1905, Bruner and Swenk 1907, Lowry 1927, Decker 1931). 
Additional hosts, as reported by Decker (1931), usually 
consist of weeds, cultivated cereal crops, and field corn, 
although garden flowers, ornamental bushes, and vegetables 
can also be attacked. Decker (1931) observed that cereal 
grain crops often respond to stalk borer infestations through 
reduced grain production, injury is characterized by dried, 
stunted, grain heads and in wheat was referred to as 
"whitened-head" (Bruner and Swenk 1907). Host broadleaf weed 
species are not adversely affected by stalk borer activity, 
although galls often form over the infested areas of giant 
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ragweed, burdock, and giant burr-elder plants (Riley 1381, 
Washburn 1908, Lowry 1927, Decker 1931). 
According to Decker (1931), stalk borer injury to field 
corn may be caused by first-stage larvae, although older 
larvae are more frequently encountered infesting corn plants. 
Lowry (1927) and Decker (1931) both reported that small 
larvae often leaf-feed in plant whorls before burrowing down 
into plant stalks. Leaf-feeding injury is characterized by 
the presence of several small irregularly shaped holea in tha 
unrolling leaves of whorls. This type of leaf injury is 
referred to as "shot-hole" damage (Rubink and McCartney 
1982). Larvae may also burrow directly into plant stems 
without feeding on developing leaves, as often happens with 
later stages (Lowry 1927, Decker 1931), 
Once inside corn plants, larvae usually feed on plant 
growth centers, resulting in wilting and death of plant 
whorls (Britton 1919, Decker 1931). Whorl death is used as a 
diagnostic characteristic of stalk borer infestations and is 
called "dead-heart" (Decker 1931) or "flagging" (Rubink and 
McCartney 1982). Infested plants may continue to wilt and 
eventually die or survive as deformed and stunted corn plants 
(Lowry 1927, Decker 1931). Decker (1931) observed that corn 
plants infested after growing to 2 feet or more in height 
typically display no outward symptoms of stalk borer damage, 
except for tissue damage at the site of larval entry. Levine 
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et al. (1904) reported similar results from an Illinois study 
in which yield loss was found to be inversely proportional to 
the size of corn plant being infested. Thus, the earlier in 
physiological development a corn plant is damaged, the 
greater the decrease in yield. 
Field distributions of stalk borer larvae seem 
correlated with the availability of vegetation suitable for 
larval feeding and adult oviposition. Infestations of larvae 
in conventionally tilled fields characteristically occur at 
the edges of fields located adjacent to fence rows, 
waterways, or terraces (Forbes 1905, Smith 1905, Lowry 1927, 
Docker 1931). Distribution of stalk borer larvae in fields 
farmed by conservation tillage practices are usually 
scattered throughout the entire field (Rubink and McCartney 
1982, Levine et al. 1984, Stinner et al. 1984). Stinner et 
al. (1984) have found the amount of stalk borer damage to 
corn positively correlated to grass density. In addition, 
other authors (Smith 1905, Washburn 1910b, Decker 1931) have 
suggested that the presence of weedy patches adjacent to 
fields or weeds present in fields during September, invite 
increased numbers of stalk borer problems the following year. 
Natural and Artificial Controls. Numerous natural and 
artificial controls for stalk borers are reported in the 
literature. Decker (1931) suggested that climatic conditions 
are an important natural control. He observed that exposure 
14 
to hot dry conditions immediately prior to eclosion decreases 
hatching success and survival of newly emerged larvae. In 
addition, survival of first instars may be further reduced by 
drowning if heavy rains occur during these stages of 
development (Docker 1931). 
Several species of birds feed upon larval and pupal 
stalk borers. The downy woodpecker (Dendrocopos pubescens 
L.) often shatters plant stalks to recover larvae and pupae 
(Docker 1931). In addition, other bird species observed 
feeding upon larvae include the bobwhite quail (Colinus 
viryinianus), blue jay (Cvanocitta cristata), red-winged 
blackbird (Agelaiua phoeniceus), meadow lark (Sturnclla 
magna), common grackle (Quiscalus guiscula), brown thrasher 
(Toxostoma rufum), robin (Turdus migratorius), and bluebird 
(Sialia sialis). Additional bird species probably also feed 
on stalk borer larvae and possibly on pupae and moths. 
Mammals such as the skunk (Mephitis nigra), short-tailed 
shrew (Blarina brevicauda Say.), and various moles and field 
mice are also listed by Decker (1931) as predators of stalk 
borers. The skunk often digs into the base of infested 
plants to find and consume larvae and pupae. These stages of 
the insect are also attacked by the short-tailed shrew, 
moles, and field mice when the insects are migrating across 
or burrowing into the soil (Decker 1931). If found, adult 
stalk borers may be destroyed by the foraging activities of 
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these mammals. 
Numerous predaceous insects have been reported to 
destroy various life stages of stalk borers (Table 2). 
Decker (1931) found that ladybird beetles (Coccinellidae) and 
ground beetles (Carabidae) are important stalk borer 
predators. The coccinellid beetles often fued on stalk borer 
oggs after emerging from hibernation in early spring. 
Carabid beetles feed throughout the summer, but appear to 
destroy mainly mature larvae and pupae during early autumn 
(Decker 1931). Similarly, 5 species of hemipteranu have been 
observed feeding on stalk borer eggs and larvae, and a single 
neuropteran is recorded as being an egg predator. The order 
Kymenoptera is represented by the thief ant (Solenopsis 
molesta Say.), which usually group together to attack and 
carry away individual migrating stalk borer larvae. 
Smith (1877) first reported the parasitization of stalk 
borers. Several additional authors have studied stalk borer 
parasitoids and are listed in Table 3. From these studies, 
many native and a few exotic species of parasitoids in the 
Kymenoptera and Diptera were found attacking stalk borer eggs 
and larvae (Decker 1931). Although the rate of 
parasitization of stalk borer larvae infesting native host 
plants tends to be high. Bird (1921) observed a reduced rate 
of parasitism of borers infesting introduced plant species 
such as field corn. The rate of parasitization, however. 
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varies depending upon the species of parasitoids being 
evaluated (Decker 1935). 
Numerous artificial control methods concerning this pest 
spwcies are listed in the early literature. Many authors 
suggested that larval control could be attained by splitting 
infested stalks longitudinally with a knife and destroying 
the larvae (Smith 1877, Lintner 1882, Shaffer 1890, Smith 
1905, Washburn 1908, Britton 1919, Lowry 1927, Decker 1931). 
But most authors recognized that this technique required an 
inordinate amount of labor, and they recommended it be used 
only for stalk borer infestations of gardens and small 
fields. Shaffer (1890), however, wrote that groups of boys 
could be successfully employed to perform this control method 
in larger areas of infestation. A control method often 
recommended for large infestations was burning of weeds, corn 
stalks, ami potato vines containing stalk borer larvae and 
pupae (Smith 1877, Lintner 1882, Shaffer 1890, Smith 1905, 
Washburn 1910b, Lowry 1927, Decker 1931). Mowing of fence 
rows and weed patches adjacent to fields and gardens was also 
suggested as a means of reducing the number of larvae and 
pupae during the summer months and adult ovipositional sites 
in the fall (Smith 1905, Washburn 1910b, Lowry 1927, Decker 
1931). In addition, Lowry (1927) found that mowing grassland 
areas located around gardens and fields from 1 November to 1 
April would destroy overwintering eggs. Burning and mowing 
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of stâlk boror infested weed patches are still used as 
cultural control methods, although their effectiveness 
remains questionable. 
Weed and physical barriers were other methods of stalk 
borer control suggested, but found to be of limited value. 
Washburn (1910b) reported that weed barriors consisting of 
preferred host plants could be planted around flower beds and 
gardens. This typo of barrier would intercept migrating 
larvae because the weeds would serve as suitable host plants. 
After migration of larvae from surrounding areas was finished 
in early summer, the weeds would be removed and burned in 
order to destroy the infesting larvae. To improve this 
control method, Washburn (1910b) modified the barriers by 
replacing the weed interceptors with wooden board barriers 
covered with a sticky material such as Tangle-foot^. Decker 
(1931) also recommended the use of Tangle-foot barriers, but 
only for use as a protectant around prized flowers and 
vegetables. Both methods required large amounts of labor, 
were not esthetically pleasing, and were not readily accepted 
by gardeners and growers. 
Washburn (1908) was first to recommend a chemical method 
of stalk borer control. He determined that carbon bisulfide 
(disulfide) could be used as a funiigant to kill larvae within 
burrows of host plants. Lowry (1927) gave specific 
instructions for applications of carbon bisulfide and 
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chloroform fumigants. About one-half teaspoon of either 
compound was to be injected into the larval entrance hole of 
the host plant. The hole was then plugged with putty or clay 
to allow for the fumigation of the burrow. Decker (1931) 
gave similar instructions for use of these compounds plus 
carbon tetrachloride. Decker (1931), however, warned that 
under certain conditions those fumigants could severely 
injure or even be fatal to treated plants. Dritton (1919) 
reported that an application of dry arsenate of lead sifted 
into the whorls of infested corn plants was effective in 
control of leaf-feeding damage caused by stalk borer larvae. 
These fumigants and insecticides are no longer in general use 
because of the undesirable effects they cause on the health 
of humans and other vertebrates. 
Currently, the only chemical insecticides registered for 
use on stalk borer infestations of corn are 0.1 to 0.2 lb. 
a.i./A Pydrin* and l.O to 1.5 lb. a.i./A Lorsban* {Foster and 
Bailey 1984). Because stalk borer infestations are generally 
associated with perennial grass infestations (Stinner et al. 
1984), control of stalk borer larvae is often coordinated 
with an application of a burndown herbicide. 
Two methods are currently recommended for application of 
these pesticides. In the first method, the insecticide spray 
is applied a few days after the herbicide spray. This 
schedule allows for the application of the insecticide spray 
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after the grass is dry and brown, but before the corn plants 
emerge from the seedbed. The second method of application 
differs from the first in that a fast acting burndown 
herbicide and the insecticide are tank-mixed together and 
applied in a single tillage operation. Stalk borer control 
is obtained with the second method when the larvae are forced 
out of the grass host plants by the herbicide and killed by 
the residual activity of the insecticide (Foster and 
Wintersteen 1984). Timing is an important consideration for 
both methods of pesticide applications. The insecticide 
spray should not be applied before 10 May as the stalk borer 
egg hatch may not be completed for the year (foster and 
Bailey 1984). 
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TABLE 1. Adult Stalk borer emergence dates 
Author Dates Year State 
first moth last moth 
Washburn (1908) 31 August 17 September 1908 MN 
Washburn (1910a) 24 August 1 October 1909 m  
Lowry (1927) 18 September 30 September 1924 Nit 
1 September 18 September 1925 N(i 
17 September 5 October 1926 Nil 
Decker (1931) 13 August 6 September 1926 lA 
6 August 17 September 1927 lA 
16 August 5 October 1928 lA 
7 August 1 October 1929 lA 
Knutson (1944) 25 August 1938 MN 
4 September 6 September 1939 MN 
5 September 29 September 1940 m  
Browning (1952) 14 August 10 October 1950 lA 
7 August I October 1951 lA 
Levine (1983) 17 August 1982 I L  
TABLE 2. Predâceous insects observed to feed upon stalk borer 
Predaceous Borer Stage Authors 
Species Attacked Cited 
COLEOPTERA 
Carabidae 
Caloaoma calidum Lg. Larvae Decker 11931) 
Pasimachus elonqatus Lac. Larvae Decker 11931) 
Scaratie# subterraneues HaId Larvae Decker (1931) 
Dicaetus elonqatus Bon. Larvae Decker (1931) 
Evarthrus colossus Newm. Larvae Decker (1931) 
Evarthrus sodalis Lec. Larvae Decker (1931) 
Galerita janus fab. Larvae Decker (1931) 
Harpalus caliqinosus Fab. Larvae Decker (1931) 
Coccinellidae 
Meqilla maculata De Ceer. Eggs «Sri.  Larvae Decker (1931) 
Hippodaciia convergens Guer. Eggs,Sm. Larvae Decker (1931) 
Coccinella novemnotata Host. Eggs,Sm. Larvae Decker (1931) 
Hippoilamia parenthesis Say. EggSfSm. Larvae Decker (1931) 
Coccinella 9-notata Hbst. Eggs,Sm. Larvae Decker (1931) 
Coccinella trifasciata Linn Eggs,Sm. Larvae Decker (1931) 
Coccinella transversoguttata EggSfSm. Larvae Decker (1931) 
Adalia bipunctata Linn. EggSfSm. Larvae Decker 
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TABLE 2. (continued) 
Predaceous Borer Stage Authors 
Species Attacked Cited 
HEMIPTERA 
Orius insidiosus Say. Eggs, Sm. Larvae Decker (1931) 
Podiaus maaaliventria Say. Lg. Larvae,Adult Deckur (1931) 
Nabis gerus Linn. Sm.-Med. Larvae Dicker (1931) 
Sinea diadema fab. Sm. Larvae Decker (1931) 
Zelus exsanquis Stal. Sm. Larvae Decker (1931) 
IIYMENOPTERA 
Solenopsis molesta Say. Larvae Lowry (1927) 
Decker (1931) 
NCUROPTERA 
Chrysopidae Decker (1931) 
Chrvsopa oculata Say. Eggs Decker (1931) 
TABLE 3. Parasitoid species reared from stalk borer 
Parasitoid Authors 
Species Cited 
OIPTERA 
Chaetopais aenoea wiod. Washburn (1910a, 1910b) 
Ervcia deckeri Curran. Decker (1935* 
Euptromalus dubiua Ashm. (ectopara.) Decker (1931) 
Gymnochaeta ruficornia Will, Decker (1931, 1935) 
Hypostena variabilis Coq. Lowry (1927) 
Lixophaqa variabilia Coq. Decker (1931, 1935) 
(«Lixua variabiFia Coq.) 
Lydella greaeacena R. 0, York et al. (1955) 
Haiao k Holdaway (1966) 
Maaicera aenilia Meig. Waahburn (1910a, 1910b) 
(«Maaicera myoidia Deav. Oritton (1919) 
Bird (1921) 
Lowry (1927) 
Decker (1931, 1935) 
Mugcina asairoilis Fall, Decker (1935) 
Muscina stabulans Fall, Decker (1931) 
Perilampus hyalinus Say. (ectopara.) Decker (1931) 
Plesiqnathus sp. (ectopara.) Decker (1931) 
Sarcophaqa cinblcis Towns. Decker (1931, 1935) 
Sarcophaqa helicis Towns. Decker (1931) 
Winthema quadripustulata Fabr. Decker (1931) 
Winthema rugopicta Bigot. Decker (1935) 
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TABLE 3. (continued) 
Parasitoid 
Species 
Authors 
Cited 
HYMENOPTERA 
Atnblvteles orpheus Cross. 
Amblyteles jucundus Brul. 
Amblyteles laetus Brul, 
Apanteles papaipemae Mues. 
Epiurus pterophori Ashm. 
Supteromalus viridescens Walsh 
Ichneumon laetus Brul. 
Ichneumon orpheus Cress. 
Lissonotâ brunnea Cress. 
Microbracon caulicola Gahn. 
Microbracon furtivus Pyles. 
Microbracon lutus Prov. 
Microplitis gortynae Rly. 
Lissonotâ brunnae Cress. 
Saqaritis oxylus Cress. 
Decker (1931) 
Decker (1931, 1935) 
Decker (1931, 1935) 
Lowry (1927) 
Decker (1931, 1935) 
Decker (1935) 
Decker (1935) 
Washburn (1910a, I11Ob) 
Lowry (1927) 
Washburn (1910a, 1910b) 
Lowry (1927) 
Decker (1931, 1935) 
Decker (1931, 1935) 
Decker (1931, 1935) 
Decker (1931, 1935) 
Lowry (1927) 
Decker (1931, 1935) 
Decker (1931) 
Lowry (1927) 
Decker (1931, 1935) 
Sympiesis viridula Thorap. York et al. (1955) 
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PART I PHENOLOGY OF THE ADULT STALK BORER 
(LEPIDOPTERA: NOCTUIOAE) IN IOWA 
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ABSTRACT 
Adult phenology, relative abundance, and reproductive 
status of feral moths of the stalk borer, Papaipema nebris 
(Guenee), were investigated in Iowa, from 1980 to 1983, using 
collections from blacklight traps. Males constituted 89,2% 
of trap collections versus 10.8% female moths. In all four 
years, the first moth was collected between 10 and 21 August 
and 50% flight occurred between 8 and 14 September. Multiple 
matings by female moths were common, with the mean number of 
spcrmatophores being 2.0, but total numbers ranging from 0 to 
7 spermatophores per female. The mean number of 
spermatophores per female increased throughout the season to 
3.0, suggesting that individual female moths are long lived. 
Although the dates of flights in this study agreed with 
Illinois dates, the thermal-unit model proposed in previous 
literature failed to predict satisfactorily adult phenology 
in Iowa, suggesting that factors other than COO accumulations 
influence adult stalk borer emergence and subsequent flights. 
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INTRODUCTION 
The stalk borer, Papaipema nebris (Guenee), is a native 
North American insect, which has long been a sporadic pest of 
small grains, seedling corn, vegetables, and flowers (Knutson 
1944, Decker 1931, Lowry 1927). In recent years, the higher 
frequency of economically important stalk borer infestations 
has been attributed to the increased use of conservation and 
no-till farming systems (Stinnor et al. 1984, Rubink and 
McCartney 1982). 
The stalk borer is a univoltine species which 
overwinters in the egg stage (Decker 1931, Lowry 1927). A 
majority of larvae hatch by 15 May, feed throughout the 
summer, and pupate from late July to early September. 
Approximately 15 to 30 days after pupation occurs, adult 
stalk borers emerge, mate, and the females oviposit (Decker 
1931, Lowry 1927). 
The objectives of this study were to determine 
phenology, relative abundance, and reproductive status of 
feral stalk borer moths. 
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MATERIALS AND METHODS 
Adult flight was monitored by using 6* 8, 9* and 14 
omnidirectional blacklight traps tlSW/F15T8BL) for 1990 
through 1983, respectively. In all years two traps were 
located in western Iowa near the town of Treynor and all 
oth#r traps were located in the Ames area. Once trap sites 
were established, they remained as collection sites through 
final termination of the study. Oichlorovos-impregnated pest 
Btrips were used as the killing agent, with moth collections 
being returned to the laboratory three times weekly for 
determination of color phase, sex, and abundance per trap. 
Females were dissected to determine the number of 
spermatophores present in the bursa copulatrix. In addition, 
each female was classified according to reproductive status 
as U) preovipositional, ovaries undeveloped; (2) 
ovipositional, numerous developing and mature oocytes; or (3) 
postovipositional, few oocytes. Similar classification 
systems have been used in other blacklight studies to provide 
estimates of a population's reproductive status (Buntin and 
Pedigo 1983, Myers and Pedigo 1977). Levine (1983) 
calculated two threshold temperatures for development to 
adult emergence, 4.6oc for first moth and S.l^C for 
occurrence of 50% flight; both thresholds were used in 
calculating centigrade degree day (CDD) accumulations. The 
5.1°C threshold also was used for CDD accumulations of last 
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moth. Accumulations were initiated 1 January of each year. 
Meteorological data for central and western Iowa were 
obtained from official National Oceanic and Atmospheric 
Administration weather stations (No. 0200 05) located 13 km 
WSW of Ames and (No. 6151 07) located 3 km E of Oakland. 
Because statistical analyses showed no significant 
differences in collection trends or CDD accumulations between 
Ames and Treynor, trap catches were pooled and meteorological 
data from the Ames reporting station were used for analyses. 
CDD were calculated using the sine-wave method (Allen 1976). 
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RESULTS AND DISCUSSION 
Phenology and Seasonal Abundance. A total of 2,Bis stalk 
borer adults were collected and examined over four years. 
Depending upon the year, flight activity occurred from as 
early as 10 August to as late as 19 October. In all years, 
50% flights occurred between 8-14 September (Table 4, Fig. 
1). Seasonal abundance was variable between years, with 
relatively lower population levels occurring during the first 
two years of the study and higher relative population levels 
occurring during the last two years (Fig. 1). 
Sex Ratio. The proportion of males to females collected over 
four years was 89.2 to 10.8%, respectively (Table 5). A 
possible bias in the sampling technique is indicated because 
collections of stalk borer larvae in Iowa (Decker 1931) and 
Illinois (Levine 1903) showed a sex ratio close to 1:1 under 
most field conditions, and Williams (1939) demonstrated that 
male insects generally are more attracted to blacklight traps 
than are females. The greater proportion of males in trap 
collections could be a result of differences in visual 
attractiveness by sex to blacklight traps or attraction of 
males to pheromones of trapped females. However, the latter 
notion is less likely because of rapid knockdown by the 
oichlorovos killing agent (Howell 1979). Another, perhaps 
more plausible, explanation is that females are more 
sedentary than males and that males are more likely caught 
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during their searches for mates. Howell (1979) suggests that 
tenperature also can influence moth activity patterns and 
subsequent sex ratios of trap collections if males are more 
active at lower temperatures than are female moths or vice 
versa. 
Color Phase. In 1931, Decker described two color phases of 
the adult atalk borer in Iowa. In our investigation, dark-
phase moths constituted 72.7% of the blacklight trap 
collections versus 27.3 % light-phase moths (Table S). Color 
phase distribution within the sexes was roughly equivalent, 
with 73.1% and 72.6% dark-phase female and male moths, 
respectively. These percentages are similar to the 73.5% 
dark-phase male and 73.8% dark-phase female values observed 
by Decker (1931). A consistent pattern of moth distribution 
by color phase and sex was found in all four years of trap 
collections (Table 5.). 
Mating and Reproductive Status. Multiple makings by female 
stalk borers were common (Table 6). The mean number of 
spermatophores per female was 2.0, with counts ranging from 0 
to 7 spermatophores per female. The reproductive status of 
nearly all females was ovipositional after the first week. 
Preovipositional females were unmated, but ovipositional 
females exhibited more spermatophores as the season 
progressed (Fig. 3). Preovipositional females were not 
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represented in 1981 collections, but 1, 1, and 1 
proovipositional females were collected in 1980, 1982, and 
1983, respectively. Preovipositional females were collected 
early in the flights, with most being captured during the 
week of 21 August. The early collection dates, the unmated 
reproductive status, and the low number of preovipositional 
females collected strongly suggest that female moths either 
are not attracted to the blacklight traps before mating or 
that the females tend to remain in the area of emergence 
until mating occurs. The increase in spermatophores per 
female throughout the flight period implies that females 
continue to mate and are ovipositional for most of their life 
spans. Some postovipositional females were captured later in 
the season, with most being collected from the week of XC 
September to the end of the flight (Pig, 3). 
Levine (1983) devised a thermal development model for 
stalk borer based on laboratory estimates. This model 
predicts first-moth emergence at ca. 1,753 CDD and 50% 
emergence at ca, 1,947 CDD. Levine also used field estimates 
to validate these predictions and observed first-moth flight 
at ca. 1,712 CDD (41 CDD lower than predicted) and 50% flight 
at ca. 2,038 CDD (91 CDD higher than predicted). In 
contrast, our four-year mean for first moth flight was 2,033 
CDD (230 CDD higher than predicted) and for 50% flight was 
2,393 CDD (446 CDD higher than predicted). 
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Despite discrepancies between degree day accumulations, 
our data, and information from previous studies, indicated an 
apparent uniformity from year to year in stalk borer 
emergence dates. For example, from 1980 to 1983, we observed 
50% flights between 8 and 14 September, despite substantial 
differences in COD accumulations (Table 4, Pig. 1). 
Additionally, in a study at Lanark, 111., Levine (19^3) 
observed the first-moth in 1982 on 17 August (1,712 COO) and 
50% flight on 19 September (2,038 COD), and this compares 
with our findings in 1982 in Ames, Iowa, of first moth on 18 
August (1,927 COO) and 50$ flight on 14 September (2,270 
COO). Similarly, in 1983 at Lanark, 111., first moth 
occurred on 21 August (1,866 COO) and 50% flight on 11 
September (2,132 COD) (E. Levine, personal communication) 
compared with first moth on 17 August (1,976 CDD) and 50% 
flight on 12 September (2,407 COD) at Ames, Iowa. 
Discrepancies concerning COD accumulations and collection of 
first moth and 50% flight were apparent between Ames and 
Lanark for 1982 and 1983. The occurrence of first moth 
flight and 50% flight both differed by more than 200 CDD 
between the two sites in 1982, but emergence dates differed 
by only 1 and 5 days, respectively. Results from 1933 showed 
trends similar to 1982? despite greater thermal accumulations 
in Iowa than Illinois (110 CDD higher for first moth and 275 
CDU higher for 50% flight), the dates of first moth flight 
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and SOI flight from locations were very close (4 days 
difference for first moth flight and 1 day difference for 50% 
flight). Consequently, the failure of the thermal-unit model 
to describe satisfactorily adult phenology, the great 
similarity in emergence and flight dates between years in 
thia study, and the agreement in emergence dates between 
Illinois and Iowa in 1982 and 1983, all suggest that factors 
other than CDD accumulations influence adult stalk borer 
emorgonce and subsequent flight activity. 
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Table 4. Date and accumulated centigrade degree days (CDD)* 
for occurrence of first moth, 50% flight, and last 
moth 
Date of Date of Dato of 
Year 1st Moth (CDD)® 50% Plight (CDD)® Last Moth (CDD)C 
1900 21 Aug. (2,148) 9 Sept. (2,411) 5 Oct. (2,705) 
1981 10 Aug. (2,081) 11 Sept. (2,483) 15 Oct. (2,818) 
1982 10 Aug. (1,927) 14 Sept. (2,270) 19 Oct. (2,560) 
1933 17 Aug. (1,976) 12 Sept. (2,407) 17 Oct. (2,730) 
Mean 16 Aug. (2,033) 11 Sept. (2,393) 16 Oct. (2,710) 
^CDD accumulations Initiated I January of each year. 
bcDO accumulations calculated by using 4.60C (Levin© 
1983) as the threshold temperature for development to first 
moth. 
®CDD accumulations calculated by using 5.1®C (Levine 
1933) as the threshold temperature for development to 50% 
flignt and last moth. 
Table 5. Percentage amî number of adult stalk borers by color phase and sex 
Total Pemale^ Male* Total 
Light Dark Light Dark Light Dark Grand 
Year Female Male Phase Phase Phase Phase Phase Phase Total 
1930 % 14.7 85.3 18.3 81.7 32.6 67.4 30.5 69.5 
(n) (60) (347) (11) (49) (113) (234) (124) (283) (407) 
1981 % 10.7 89.3 18.6 81.4 26.5 73.5 25.7 74.3 
(n) (43) (358) (8) (35) (95) (263) (103) (298) (401) 
1982 % 12.3 88.0 29.9 70.1 31.9 68.1 31.6 68.4 
(n) (107) (765) (32) (75) (244) (521) (276) (596) (872) 
1983 % 9.5 90.5 29.8 70.2 24.8 75.2 25.3 74.7 
(n) (209) (1 ,984) (62) (147) (493) (1,491) (555) (1,638) (2,193) 
Mean % 10.8 89.2 27.0 73.0 27.4 72.6 27.3 72.7 
(n) (419) (3 ,454) (113) (306) (945) (2,509) (1,058) (2,815) (3,673) 
^Color phase percentages calculated within sex. 
Table C. Number and percentage of female stalk borers possessing a specific 
number of spermatophores for 1980 through 1983 
No. of 
sperma tophores 
1980 
n(%) 
1981 
n(%) 
1982 
n(«) 
1983 
n(%) 
Total 
n(t) 
0 I (1.7) - - — — 7 (6.5) 1 (0.5) 9 (2.2) 
1 24 (40.0) 14 (32.6) 25 (23.4) 68 (32.5) 131 (31.3) 
2 19 (31.6) 17 (39.5) 36 (33.6) 81 (38.8) 153 (36.5) 
3 12 (20.0) 10 (23.2) 23 (21.5) 48 (22.9) 93 (22.2) 
A  3 (5.0) 2 (4.6) 12 (11.2) 10 (4.8) 27 (6.4) 
5 I (1.7) - — — — 3 (2.8) - w w w  4 (1.0) 
6 - — — — - — — — - — — 1 (0.5) 1 (0.2) 
7 - - - - - — — — 1 (0.9) « r  — — — 1 (0.2) 
Total 60 43 107 209 419 
Figure 1. Adult stalk borer phenology from 1980 through 1983 
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Figure 2. Number of spermatophores (mean/female/week) 
from 1980 through 1983 
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Figure 3. Adult stalk borer reproductive stage (female/status/week) 
from 1980 through 1983 (Black, preovlposltional; Striped, 
oviposltlonal; White, postovipositional) 
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PART II STALK BORER (LEPIDOPTERAî NOCTUIDAE) 
INDUCED DAMAGE SYNDROME IN FIELD CORN PLANTS 
45 
ABSTRACT 
Effects of Stalk borer, Papaipema nebris IGn.)» damage 
on 2- to 4-leaf-stage field corn, Zea mays (L.), was studied 
to characterize the plant damage syndrome and subsequent 
yield loss associated with larval infestations. Damage was 
categorized as uninfested, leaf-feeding, or dead-heart (whorl 
death). Tissue yields of stalk, grain, cob, and total dry 
weights were monitored. Yields of plants sustaining leaf-
feeding damage alone were not significantly different from 
yields of uninfested plants. Plants receiving dead-heart 
damage, however, produced yields significantly reduced from 
yields of all other plants except for the parameter of stalk 
dry weight. Lack of reproductive synchrony with healthy 
plants seemed to cause the reduced yields produced by plants 
with dead-heart damage. This loss of synchrony resulted in 
greatly diminished pollination and increased numbers of 
barren stalks for the plants sustaining the injury. In the 
absence of mortality, yield compensation by healthy plants 
growing near damaged plants was not observed. 
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INTRODUCTION 
The stalk borer, Papainema nebris (Guenee), 
traditionally has been a sporadic pest of field corn and 
numerous other crops grown in states located east of the 
Rocky Mountains (Decker 1931). In the past, conventional 
tillage practices limited stalk borer infestations to grassy 
field margins such as fencerows, waterways, and terraeow 
(Lowry 1927, Decker 1931), Presently, however, this insect 
is becoming an increasingly gorious pest of field corn in the 
Midwest as growers incroaso the number of acres of corn 
produced by conservation tillage methods (Rubink and 
McCartney 1982). Stinner et al. (1984) found that stalk 
borer distribution was positively correlated with density of 
grasses, and the increase in stalk borer infestations 
associated with conservation tillage fields may be partly 
attributed to increased problems of perennial grass control. 
Because female moths preferentially select dried grasses as 
ovipositional sites, stalk borer infestations can develop 
throughout conservation tillage fields having poor weed 
control. 
Although many studies address the problem of stalk borer 
control by efficacy testing of "rescue" insecticides, few 
have considered the physical damage and yield loss resulting 
from stalk borer injury to orn plants, injury to seedling 
corn is produced by larvae feeding ypon leaves, ourrcwing 
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into stems, or a combination of these activities. Infested 
plants may wilt and eventually die or survive as deformed, 
stunted corn plants (Lowry 1927, Decker 1931). Tillers are 
often produced by damaged plants and even may develop from 
the roots of plants where stalks were totally destroyed by 
stalk borer activity, in an Illinois study using natural 
field infestations of stalk borer larvae, Levine et al. 
(1984) reported that the ability of a corn plant to rttcuvor 
from stalk borer injury is correlated with the growth stagw 
of the plant when first damaged. He observed that, the 
smaller the growth stage of the corn plant when infested, the 
greater is the reduction in grain yield. Additionally, 
Levine et al. (1984) determined that yields of infested corn 
plants were reduced because of production of fewer ears and 
less grain weight per ear. 
To date, no studies have directly related injury fron an 
individual stalk borer larva to damage response ana 
subsequent yield loss by infested corn plants. Data 
quantifying plant damage and yield loss by stalk borer larvae 
are essential for the development of meaningful economic 
injury levels and thresholds. Consequently, the objectives 
of this study were to: (I) characterize the plant damage 
syndrome associated with injury by an individual larva, (2) 
determine the plant stand response to stalx borer injury, and 
(3) determine dry matter partitioning ir. damaged plants. 
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MATERIALS AND METHODS 
Field corn response to stalk borer infestation was 
evaluated near Ames, Iowa, during 1982, 1983, and 1984 by 
using 60, 250, and 300 plots, respectively, in a complotoly 
randomized design. The Pioneer 3760 variety of field corn 
was planted at a rate of 55,600 seeds/ha. (22,500 seeds/A.) 
for all years of the study. Plot areas were initially 
dosignatod by placing stakes 4 m apart within corn rows 
planted on 76-cm (30-in) centers. When plants rtiached the 2-
to 4-lcaf stages (Ritchie and Hanway 1982), one feral 2- to 
4-stage larva was placed near each stake and allowed to 
infest a seedling. 
To determine if healthy plants compensate for the 
presence of an infested plant, each plot consisted of 5 
consecutive corn plants within a row. The plant Infested oy 
the larva was always designated as the center plant (plant 3) 
of the 5 plants constituting each plot. The 2 plants located 
on either side of the infested plant (plants 2 and 4) were 
called "adjacent" plants, and the outer 2 plants of the plot 
(plants I and 5) were referred to as "away" plants. If no 
plants in a plot were infested, then the plot was considered 
uninfested, and the plant located nearest to the stake was 
designated as plant 3. Uninfested plots were used as check 
plots in all years. In addition, 140 check plots were 
established and paired with tiie 140 initial plots in 1984. 
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Those additional check plots were located 6 rows away from 
and parallel to the infested plots. The additional check 
plots were included in the experimental design to assure the 
existence of sufficient uninfested plots for statistical 
analyses and to determine if the presence of an infested 
plant influences growth of plants located more than 2 plants 
away. 
Injury by larvae was monitored every other day for 2 
weeks immediately after infestation and thon weekly for the 
next 6 weeks. Plots were divided into 3 damage categories 
including uninfested, leaf-feeding, and dead-heart (whorl 
death). The number of plants killed or damaged by each 
larval stalk borer was determined (primary « ist plant 
infested, secondary » 2nd plant infested, etc.). 
The parameters of stalk, cob, and total dry weights and 
grain weight adjusted to 15.5% moisture content for numUer-2 
yellow corn were obtained for the 5 plants of each plot. Th*) 
center plant (plant 3) of infested plots was considered 
damaged, and the other 4 plants were designated as being 
healthy. In uninfested plots and the extra 1984 check plots, 
all plants were considered healthy. Statistical analyses of 
data were done using the Duncan's multiple range test (DMRT) 
with Ct = 0.05 for pairwise comparisons (Duncan 1955). 
Following the logic of Jones (1984), DMRT, a relatively 
liberal comparison test, was used for the analyses to assure 
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the recognition of potential differences (e.g., compensation) 
in responses between plants of different damage categories. 
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RESULTS 
The plant dry-weight parameters of stalk, grain, cob, 
and total plant tissue yields are reported by infestation 
catogory, plant location, and year (Tables 7-10). For all 
test parameters, no compensatory effects were discernible for 
yields of healthy (uninfested) plants growing near damaged 
plants. Because yields from the 140 additional chock plots 
oHtablished in 1984 did not differ significantly from yields 
of healthy plants from the initial 140 plots, data from ooth 
sets of plots were pooled for final analyses. 
Plots containing infested plants that resulted in niant 
mortality with no subsequent plant growth (tiller formation) 
were not included in the analyses. The number of plants that 
were completely destroyed was very low during all 3 years of 
the study. Mortality rates were 0.0%, 0.4%, and 3.11 for 
15&2, 1983, and 1584, respectively. The rates of tillering 
by infested plants varied greatly, depending upon the tyue of 
injury received by infested plants. No data are available 
foe 1982, but in 19&3, plants injured by leaf-feeding alone 
tillered at a rate of 0.8%, and plants damaged with dead-
heart tillered at a rate of 21.6%. In 1984, plants 
sustaining injury by leaf-feeding had a tillering rate of 
1.5%, and planta damaged with dead-heart tillered at a rate 
of 15.2%. The mean number of tillers was 1.3 for 1983 and 
1,9 in 1984. Although the rates of tillering were relatively 
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consistent in this study, results from other studies 
(unpublished data) indicate that much variability may occur. 
Additionally, Levine et al. (1984) reported rates of 
tillering by stalk boror injured plants at 7.6% and 31.0% as 
compared with tillering rates of 3.9% and 1.1% for undamaged 
plants at the same locations. Levine at al. (1934) also 
found that the damaged plants with tillers yielded only 32.4% 
and 29.9% of the amount of grain as compared with undamaged 
plants with tillers. 
Stalk Tissue Yields. Table 7 shows stalk dry-weight yields 
of plants injured by leaf-feeding similar to those of 
uninfested plants for both primary and secondary infestations 
for all yearn. Additionally, plants damaged with dead-heart 
also produced stalk yields that were not significantly 
different from those of uninfested plants, within damage 
categories, no compensation was found in yields from healthy 
plants growing near damaged plants. In some years, a trend 
toward increased stalk yields was observed for plants injurea 
lay leaf-feeding alone. These slight increases in yields, 
however, are not statistically different from yields of 
healthy plants or those plants damaged with dead-heart. 
Grain Yields. Uninfested and leaf-feeding-injured plants did 
not differ significantly in grain yields (Table 8). Plants 
damaged with dead-heart, however, showed substantial 
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reductions in grain yields as compared with healthy plants 
from all damage categories. Grain yield reductions wore 
73.5%, 49.3%, and 53.3% for primary plants damaged with dead-
heart and 99.0%, 73.2S, and 59.7% reductions for secondary 
plants sustaining dead-heart-damage for years 1982 through 
1994, respectively. The reduction in grain yield of plants 
damaged with dead-heart was more pronounced for secondary 
infustationa but not at statistically significant levels. 
Again, no yield compensations wore detected between healthy 
and infested plants for tho damage categories of leaf-feeding 
and dead-heart. 
Cob Yields. Table 9 shows trends of cob yields similar to 
those of grain yields. As with grain yields, cob yields of 
plants sustaining dead-heart damage were significantly 
reduced from yields of leaf-feeding-injured and healthy 
plants. The difference in cob yields between primary and 
secondary plants damaged with dead-heart was not as 
pronounced as was the difference in grain yields. Althou^a 
plants receiving dead-heart damage often produced no grain 
yields, these plants frequently produced cob tissue. The 
amount of cob tissue produced, however, was greatly reduced 
as compared with cob production by healthy plants frotc 
uninfested and leaf-feeding plots. No compensatory effects 
were detected for cob yields between damaged and healthy 
plants from plots classified in the same damage cateecries. 
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Total Plant Yields. Yields of total plant tissue (Table 10) 
wore understandably intermediate between stalk yields and 
grain and cob yields. Some variability existed in 1982, when 
a trend toward increased total yields was indicated for 
plants injured by leaf-feeding. In general, however, 
analyses of data from all three years indicated that no 
significant differences in total yields existed for leaf-
feeding-injured and uninfested plants. Large reductions in 
total yields were observed for plants damaged with dead-heart 
as compared with all other plants. Yield compensation by 
healthy plants located near damaged plants was not supported 
by mean yields of plant dry weights. 
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DISCUSSION 
Plant yield trends elucidated in the current study are 
consistent with yield trends previously found in other damayo 
studies using larval black cutwofms (BCW), Agrotis ipsilon 
(Hufnagol). Levine at al. (1983) and Showers et al. (1D03) 
both found that BCW activity causing leaf-feeding injury 
alone did not significantly reduce grain production by thw 
damaged plants. Similarly, in the current study, seedling 
corn plants damaged by larval stalk borer leaf-feeding did 
not result in reduced grain yields or reductions in tissue 
yields for the other parameters tested. 
In contrast, in our study corn plants with dead-heart 
damage from stalk borer produced significantly reduced tissue 
yields for all parameters except stalk weight. These results 
agree with BCW studies in which plants cut at the whorls 
produced fewer harvestable ears and reduced yields as 
compared with uninfested plants (Showers et al. 1379, Levine 
et al. 1983). 
Combining grain yields from plants with leaf-feeding or 
dead-heart injuries from stalk borer, Levine et al, (1984) 
reported that, the smaller the corn plant when injured, the 
greater was the reduction in yield. Their yield reduction 
was attributed to a higher incidence of growing-point 
destruction in small seedlings having small bioraass. 
Additionally, Showers et al. (1983) found that corn seedlings 
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attacked by BCW larvae during the coleoptile to 1-leaf stage 
of morphological and physiological development frequently 
exhibited increased rates of plant mortality and decreased 
yields as compared with plants attacked during later stages 
of development. The substantial differences in yields 
observed between healthy plants and dead-heart-damaged plants 
is probably caused by the damaged plants being out of 
reproductive synchrony with the healthy corn plants in thfc 
field. After sustaining dead-heart damage, injured planes 
often exhibit retarded physiological development as a new 
whorl is produced. Growth of new whorl tissue often takes 2-
3 weeks, after which the injured plant continues to grow 
normally. Levine et al. (1933) speculated that incomplete 
pollination through delayed tasseling and silkiny of BCW 
damaged corn plants caused the yield reductions observed tcoiu 
damaged plants. In our study of 2- to 4-leaf stage corn 
plants, stalk borer injured plants that survived to harvest 
were often barren of grain. Primary infested plants v/ith 
dead-heart damage had barren rates of 45.5%, 25.0%, and 31.31 
for years 1982 through 1984, respectively. Barren rates foe 
dead-heart-damaged plants of secondary infestations were 
higher at 62.5%, 41.1%, and 38.5% for the three years of the 
study. Levine et al. (1984) grouped leaf-feeding and dead-
heart damage together and found a barren rate of 53.1% for 
plants surviving to harvest. The high levels of barrenness 
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associated with dead-heart injury of corn plants by stalk 
boror is a further indication of lack of compensation. 
Although barren plants produce no grain yields, they still 
compute with adjacent healthy plants for nutrients, wator, 
sunlight, and space (Levine et al. 1984). Because 
intraspecific competition occura, yield compensations by 
healthy plants are negligible or absent. However, if plant 
nortality occurs, then compensation by healthy plants growing 
near the location of the missing plant might bo expected 
becauoo competition is lacking. 
Our study therefore indicates that, in the absence of 
high mortality, compensation by healthy plants growing near 
damaged plants does not occur. Furthermore, leaf-feeding 
injury produced a trivial effect on all yield parameters, but 
plants sustaining dead-heart damage have significantly 
reduced yields for all parameters except stalk dry weight. 
In addition, dead-heart damage predisposes the injured plant 
to future yield reductions. The physiological basis for the 
yield reductions of plants damaged with dead-heart seems a 
consequence of the plants being out of reproductive synchrony 
with undamaged plants in the field. This loss of synchrony 
results in insufficient pollination and increased numbers of 
barren plants. 
Because of the complex nature of the dead-heart damage, 
one area of future stalk borer research should focus on the 
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development of larval sampling techniques for field border 
areas supporting early larval stages of this pest. If stalk 
borer numbers can be determined while larvae still inhabit 
border areas and meaningful economic injury levels (EIL) are 
developed, then appropriate management techniques could be 
implemented to control damaging infestations. 
Table 7. Wean stalk dry weight (gratus/plantl of stalk borer infested corn 
plants by plant location and year^ 
Primary Infestation Secondary infestation 
Plant Uninfested Leaf-Feeding Dead-Heart Leaf-Feeding Dead-Heart 
Location Plot Damage Damage Damage Damage 
1982 
(n) (15) (13) (22) (2) (8) 
Center 125.7 ab 117.9 ab 94.3 b 153.6 a 104.3 b 
Adjacent 104.4 b 102.7 b 95.2 b 125.0 ab 134.7 ab 
Away 104.1 b 118.3 ab 96.3 b 122.0 ab 132.0 ab 
1983 
(n| (40) (61) (112) (6) (29) 
Center 90.1 b 109.1 a 89.9 b 101.7 ab 90.1 b 
Adjacent 90.0 b 91.3 b 93.3 b 86.0 b 92.5 b 
Away 89.7 b 99.9 ab 93.8 b 87.6 b 93.3 b 
1984 
(n) (170) (54) (49) (7) (13) 
Center 87.5 ab 93.7 ab 83.2 b 94.9 a 82.5 b 
Adjacent 87.4 ab 88.4 ab 88.3 ab 85.7 ab 85.5 ab 
Away 88.3 ab 88.1 ab 88.2 ab 87.9 ab 86.7 ab 
^Means within year followed by the same letter are not significantly 
different at the 54 level based on Duncan's multiple range test. 
TdUle U. Mean grain weight* (grams/plant) of stalk borer infested corn 
plants by plant location and year^ 
Primary Infestation Secondary infestation 
Plant Uninfested Leaf-Feeding Dead-Heart Leaf-Feeding Dead-Heart 
Location Plot Damage Damage Damage Damage 
1982 
(n) (15) (13) (22) (2) (8) 
Center 149.6 a 125.4 a 39.5 b 129.6 a 16.4 b 
Adjacent 151.6 a 124.9 a 121.5 a 132.4 a 115.3 a 
Away 155.3 a 127.8 a 130.1 a 129.6 a 110.0 a 
1983 
(n) (40) (61) (112) (6) (29) 
Center 8U.3 a 94.9 a 44.8 b 72.7 a 23.7 b 
Adjacent 86.2 a 85.9 a 92.4 a 76.2 a 89.4 a 
Away 84.3 a 39.7 a 92.0 a 78.8 a 96.6 a 
1984 
(n) (170) (54) (49) (7) (13) 
Center 51.6 a 52.7 a 24.1 b 55.9 a 20.8 b 
Adjacent 52.0 a 53.5 a 59.8 a 56.1 a 58.6 a 
Away 52.5 a 52.8 a 57.0 a 52.4 a 53.0 a 
^Grain yield converted to number-2 yellow corn at 15.5* moisture content. 
^Means within year followed by the same letter are not significantly 
different at the St level based on Duncan's multiple range test. 
Table 9. Mean cob dry weight (grams/plant) of stalk borer infested corn plants by plant 
location and year^ 
Primary Infestation Secondary Infestation 
Plant Uninfested Leaf-Feeding Dead-Heart Leaf-Feeding Dead-Heart 
Location Plot Damage Damage Damage Damage 
1982 
(n) (15) (13) (22) (2) (8) 
Center 21.2 a 18.7 a 6.5 b 20.0 a 8.6 b 
Adjacent 20.7 a 18.6 a 17.7 a 19.4 a 17.1 a 
Away 20.9 a 19.5 a 18.1 a 20.0 a 16.3 a 
1983 
(n| (40) (61) (112) (6) (29) 
Center 15.8 abc 17.4 ab 9.5 d 12.2 cd 5.7 e 
Adjacent •16.3 ab 15.5 abc 16.7 ab 16.6 ab 17.8 ab 
Away 16.3 ab 16.1 abc 17.1 ab 13.8 be 19.2 a 
1984 
(n) (170) (54) (49) (7) (13) 
Center 10.7 a 11.2 a 5.3 b 13.1 a 4.8 b 
Adjacent 10.8 a 11.2 a 11.8 a 11.8 a 10.8 a 
Away 11.1 a 10.9 a 11.7 a 11.0 a 11.2 a 
^Means va thin year followed by the same letter are not significantly 
different at the 5% level based on Duncan's multiple range test. 
Table IQ. Mean total dry weight (graias/plantl of stalk borer infested corn 
plants by plant location and year^ 
Primary Infestation Secondary infestation 
Plant Uninfested Leaf-Feeding Dead-Heart Leaf-Feeding Dead-Heart 
Location Plot Damage Damage Damage Damage 
1982 
(«) (15) (13) (22) (2) (8) 
Center 296.5 a 261.9 a 140.3 b 303.2 a 129.3 b 
Adjacent 276.7 a 246.2 a 234.3 a 276.8 a 267.0 a 
Away 280.3 a 265.6 a 244.5 a 271.6 a 258.4 a 
1983 
(n) (40) (61) (112) (6) (29) 
Center 194.2 ab 221.4 a 144.3 c IB6.5 ab 119.5 c 
Adjacent 192.6 ab 192.7 ab 202.4 ab 180.8 b 199.6 ab 
Away 190.3 ab 205.7 ab 202.8 ab 180.2 b 209.1 ab 
1984 
(n) (170) (54) (49) (7) (13) 
Center 149.8 a 157.6 a 112.6 b 163.9 a 108.0 b 
Adjacent 150.2 a 153.1 a 159.7 a 153.6 a 154.8 a 
Away 151.9 a 151.7 a 157.0 a 151.3 a 150.9 a 
^Mcans within year follo\^fed by the same letter are not significantly 
different at the bt level based on Duncan's multiple range test. 
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PART 111 REGROWTH AND YIELD RESPONSES OF CORN 
INJURED BY STALK BORER (LEPIDOPTERA: 
NOCTUIDAE) IN TERRACED FIELDS 
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ABSTRACT 
Stalk borer infestations of field corn growing adjacent 
to brome grass terraces were monitored near Treynor, Iowa in 
1931, 1932» and 1963. The plant damage syndrome associated 
with larval stalk borer infestations waa characterized. 
Larval dispersion was best described by 1981 data when mean 
numbar of larvae was regressed upon the reciprocal of row. 
The relationships between larval numbers and reductions of 
plant population and grain yield followed linear models, and 
the percent barren plants a quadratic model. In 1983, yields 
of plants receiving only leaf-feeding damage were not 
significantly different from yields of uninfested plants. In 
contrast, plants sustaining dead-heart damage produced stalk, 
cob, and grain yields which were reduced by 19$, 321, and 39% 
respectively. 
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INTRODUCTION 
Historically, the stalk borer, Papaipema nebris (Gn.), 
has been reported as a pest of small grains, potatoes, and 
seedling corn plants growing adjacent to field margins (Lowry 
1927, Decker 1931, Levine et al. 1984). Although most recent 
stalk borer reports concern damaging infestatiorm within 
fields under reduced tillage corn production (Rubink and 
McCartney 1902, Stinner et al. 1984), corn plants growing 
adjacent to fencerows, terraces, and waterways. Irrespective 
of field tillage practices, are also vulnerable to attack by 
stalk borer larvae. 
Only a few studies have correlated the number of damaged 
plants to grain yield losses (Rubink and McCartney 1982, 
Levine et al. 1933), and none have reported losses using the 
separate damage categories of leaf-feeding and doad-h«art. 
Additionally, the agronomic effects of larval stalk borer 
infestations in field corn adjacent to grass terraces have 
not been characterized. Because smooth brome grass (Bromus 
inecmis Leyssera) is a major component of many terrace 
ecosystems in Iowa, the objectives of this study were to; 
(X) characterize the plant damage syndrome and larval 
dispersion in seedling corn adjacent to brome grass'terraces, 
(2) elucidate relationships between injured plants (inaicect 
indicator of larval number) and the responses of reducaa 
plant population and barrenness, and (3) determine the yield 
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loss potential associated with larval infestation of field 
corn produced in terraced fields. 
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MATERIALS AND METHODS 
Stalk borer infestations of field corn plants growing 
adjacent to brome grass terraces were monitored at the USDA-
ARS Watershed Research Unit near Treynor, Iowa during 1981, 
1982, and 1983. In all years, corn was planted in rows on 
38-inch centers at a rate of 54,362 seeds/ha. (22,000 
seeds/A.). Grain yields were converted to 15% moisture 
content before statistical analyses. Because comparable 
studies had not been reported in the literature, our 
experimental design was modified each year to reflect 
improved understanding of the stalk borer and its influences 
on the agricultural system. 
In 1981 paired plots, each measuring 68.67 row/ft. (0.05 
acres, 0.02 ha.) by 25 rows, were located on each of 8 
terraces. One plot from each pair of plots was randomly 
designated for destructive sampling on 1 July, to determine 
the number of damaged plants and larvae. The other plot was 
monitored to determine the number of damaged plants, percent 
reduction of plant population, percent barren plants, and 
yield loss. Plant population counts were performed at the 
spike stage of development and at harvest. Yield and the 
number of barren plants were determined at harvest. Rows I, 
2, 3, 5, 7, 10, 15, 20, and 25 were monitored for damaged 
plants and live larvae. The other test parameters were 
measured on rows 1, 2, 3, 5, 7, and 10. Regression analyses 
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were used to describe the types of relationships existing 
between number of larvae (injured plants) and other 
parameters. 
In 1982 the experimental design consisted of 4 plots 
measuring 68.67 row/ft. (0.05 A.* 0.02 ha.) by 10 rows 
located on each of 4 terraces. Rows 1 through 10 were 
divided into 7 subplots of 7.81 row/ft. (0.0006 A., 0.0002 
ha.) each, with row 1 positioned adjacent to the terrace. 
Data recorded from subplot samples included the number of 
dead plants, dead-heart damage, tillering, barrenness, and 
grain yield. Regression analysis was used to analyze the 
influences of dead-heart plants on all test parameters. 
The experimental design was modified in 1983 to include 
single plant analyses. Plots measuring 68.67 row/ft. (0.05 
A., 0.02 ha.) by 8 rows were located on 4 of the terraces 
utilized in the previous 2 years of study. Subplots 
measuring 7.81 row/ft (0.0006 A., 0.0002 ha.) were designated 
in each row and monitored as individual plants for plant 
mortality, damage, tillering, and yields of cob and grain. 
Plants were monitored 4 times during the growing season to 
measure plant mortality, damage, or tillering. Additionally, 
individual stalks were split at harvest to determine the 
presence of feeding burrows or pupal cases of stalk borer. 
The yield parameter of ear was formed by summing cob and 
grain yields. 
69 
RESULTS AND DISCUSSION 
Larval Dispersion. Regression analysis of 1981 data 
confirmed that larval dispersion was strongly influenced by 
both terrace and row. As shown in Table 11, larvae generally 
exhibited a clumped dispersion in the first few border rows 
of corn and became less clumped as the distance from the 
terraces increased. Data from rows 15, 20# and 25 are not 
presented in Table 11 as larvae were not present past row 10. 
Because of the significant contribution of row, an 
analysis was performed to characterize the relationship 
between mean larval numbers across terraces and row. Among 
models evaluated, the best fit and highest R^ was provided by 
regressing mean larval number on the reciprocal of row. The 
equation is: 
Mean Number of larvae » -0.553 • 7.902 (l/row) 
|R2 . 0.98, P < 0.0001) 
A plot of actual larval counts within each row is illustrated 
in Figure 4. 
Plant Population Reduction Model* The responses of corn 
plants damaged by larval infestations of stalk borer were 
evaluated by monitoring changes in plant populations and 
barren plants. Increases in larval numbers produced a linear 
increase in the percent reduction of plant population and a 
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quadratic increase in the percent barren plants. Regression 
analysis showed that both row and larval effects were 
important to the linear model for percent reduction of plant 
population caused by larval infestations is: 
% Reduction of 
Plant Population * + 1.05 (larvae number) - 0.72% (row) 
(R2 . 0.84, P < 0.0001) 
Ot^ is the intercept and varies with terrace. Thus, as larval 
number increases, the number of seedling plants succumbing to 
mortality also increases, causing a subsequent increase in 
the percent reduction of plant population. Most mortality 
was observed in plants damaged during the spike to 2-leaf 
stages of plant development. Mortality of plants in later 
stages of physiological development occasionally was observed 
when plants were exposed to drought stress in conjunction 
with stalk borer damage. 
Barren Plant Model. In contrast to the plant population-
reduction model, the effect of larval numbers on percent 
barren plants was best described by a quadratic equation. 
Row effects produced minimal contributions to the model after 
considerations of larval and terrace effects were removed. 
This suggests that the high number of barren plants was due 
to larval damage and not naturally occurring barrenness. 
Because the presence of a linear term contributed little to 
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the quadratic equation, it was not included in the final 
quadratic model. 
% Barren Plants • 5.91 + 0.19 (larval number)% 
|R2 - 0.81, P < 0.0001) 
Yield Model. The yield response of dead-heart damaged plants 
was similar to percent reduction of plant population. The 
best fit of the data and highest were described by a 
linear model which regresses yield on larval number. 
Yield • ei^ • (-3.7287) {larval Number) 
(R2 . 0.76, P < 0.0001) 
As with barren plant numbers, row produced minimal effect on 
yield when regressed after larval number. Because plants 
near the terraces could be sequentially reinfected by several 
larvae, the combined effect of multiple larval infestations 
on yield would be more pronounced than the effect of row. 
Yield Responses. Data from 1983 indicated that plants 
sustaining only leaf-feeding injury produced stalk, cob, and 
grain yields equivalent to yields produced by uninfested 
plants (Table 12.). In contrast, yields from dead-heart 
damaged plants were significantly reduced from yields of all 
other plants for the parameters of stalk, cob, and grain. 
The reduced yield of stalk tissue by dead-heart damaged 
plants in the current study differs from results reported in 
72 
Part 2 of this dissertation. In Part 2, a trend toward 
reduced stalk tissue yield was observed for dead-heart 
damaged plants, but not at a significant level. The 
significant reduction in stalk yield observed for dead-heart 
damaged plants in the Treynor study may be the result of an 
interaction with drought stress during the 1983 season. 
Stalk, ear, cob, and grain yields of dead-heart damaged 
plants in the Treynor study were reduced by 19%, 37%, 32%, 
and 39%, respectively. 
Because dead-heart damage is an indirect indicator of 
larval number, both of these variables were used for 
regression analyses in 1981 and found to be approximately 
equivalent. Due to the ease of sampling plants displaying 
dead-heart damage, the ability to successfully predict yield 
losses, and the high labor constraints of larval sampling, 
the use of these damaged plants as indicators of stalk borer 
infestations and possible yield losses is both desirable and 
possible. 
Brome grass terraces are important sources of stalk 
borer larvae. Although larval infestations generally are 
restricted to the first 10 rows of corn bordering the 
terrace, the amount of damage and yield loss in border rows 
can be substantial. Stinner et al. (1984) found that stalk 
borer distribution in no-till corn fields was positively 
correlated with grass density. Similarly, the suitability of 
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terrace vegetation as host plants for oviposition and feeding 
must be considered when developing management techniques for 
the stalk borer. 
Table 11. Stalk borer infestations within corn fields located 
adjacent to brome grass terraces 
ROW 
VARIABLES 1 2 3 5 7 10 
TERRACE 1 
NO. LARVAE 3 10 0 0 0 
% RED. P.P. 35.0 40.9 30.0 24.5 8.2 10.9 
% BARREN 16.7 12.3 5.2 4.8 2.0 3.1 
YIELD 86.6 89.2 120.1 122.8 140.9 134.7 
TERRACE 2 
NO. LARVAE 2 2 0 0 0 0 
% RED. P.P. 41.8 33.6 36.4 32.7 26.4 22.7 
% BARREN 6.3 5.5 4.3 5.4 6.2 4.7 
YIELD 73.8 97.3 112.2 103.1 103.7 127.2 
TERRACE 3 
NO. LARVAE I I I 0 0 0 
% RED. P.P. 22.7 19.1 24,5 24.5 20.0 27.3 
% BARREN 8.2 13.5 4.8 4.8 2.3 3.0 
YIELD 114.7 127.3 125.3 139.5 147.6 130.1 
TERRACE 4 
NO. LARVAE 8 3 4 10 0 
% RED. P.P. 51.8 44.5 40.9 25.4 38.2 37.3 
% BARREN 7.5 3.0 4.6 1.2 2.9 2.9 
YIELD 95,0 118.7 102.5 130.2 107.3 97.7 
TERRACE 5 
NO. LARVAE II 6 4 4 0 0 
% RED, P.P. 41.8 40.9 36.4 31.8 38.2 35.5 
% BARREN 50.0 18.5 8.6 5.3 6.2 5.4 
YIELD 28.6 109.4 94.3 123.3 106.5 94.5 
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Table 11. (continued) 
ROW 
VARIABLES 1 2 3 5 7 10 
TERRACE 6 
NO. LARVAE 
% RED. P.P. 
% BARREN 
YIELD 
17 
70.0 
72.7 
11.5 
14 
57.3 
38.3 
35.6 
4 
40.0 
15.2 
66.6 
1 
37.3 
13.0 
99.2 
1 
39.1 
10.4 
70.5 
1 
33.6 
6.8 
101.5 
TERRACE 7 
NO. LARVAE 
$ RED. P.P. 
% BARREN 
YIELD 
16 
27.0 
37.4 
86.0 
5 
17.3 
12.1 
121.6 
1 
13.6 
5.3 
112.7 
0 
12.7 
9.4 
112.8 
0 
15.5 
5.4 
114.1 
1 
21.8 
10.5 
94.9 
TERRACE 8 
NO. LARVAE 
% RED. P.P. 
% BARREN 
YIELD 
0 
12.7 
6.6 
130.1 
0 
11.8 
2.1 
146.0 
0 
10.U 
4.0 
149.2 
0 
10.0 
3.6 
142.4 
0 
10.9 
2.0 
143.9 
0 
3.6 
6.6 
139.8 
Ho, Larvae » No. larvae on 1/200 A. 
% Red. P.P. » Percent reduction in plant population 
(postemergent). 
% Barren » Percent barren plants. 
Yield » Bu./Acre. 
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Table 12. Mean dry weights of stalk, ear, cob, and grain 
yields of stalk borer infested corn plants by 
damage categories 
Tissue Yield 
(grams/plant) Uninfested 
Damage Categories 
Leaf-Feeding Dead-Heart 
Stalk Wt. 
(n) 
147.2 a 
(265) 
145.4 a 
(50) 
122.9 b 
(78) 
Ear Wt. 
(n) 
104.3 a 
(4169) 
105.5 a 
(342) 
65.7 
(689) 
Cob Wt. 
(n) 
18.8 a 
(4169) 
19.7 a 
(342) 
13.1 
(689) 
Grain Wt. 
(n) 
85.4 a 
(4169) 
85.8 a 
(342) 
52.6 
(689) 
Means followed by the same letter within row are not 
significantly different at the 5% level based on Duncan's 
multiple range test. 
Figure 4. Numbers of larval stalk borer in corn rows 
adjacent to brome terraces 
MEAN NUMBER LARVAE 
M « O M «• * 
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GENERAL CONCLUSIONS 
Field Qxperlments were conducted In Iowa to ascertain 
information characterizing adult phenology, plant damage 
syndrome, yield loss potential, and larval dispersion of 
stalk borer. Phenology of moths was relatively consistent as 
sot flights occurred between 8-14 September in 4 years of 
study. Blackllght trap collections were biased toward males 
at a Oil ratio. Because rearing studies indicate a aux ratio 
of approximately 1:1 for feral moths, this suggest that 
females either are not attracted to blackllght traps or 
perhaps remain in the general area of emergence to mate and 
oviposit. In contrast, males actively search for mates and 
in doing so, increase their probabilities of being capturwd 
in traps. The expression of color phase was consistent for 
all years of the study at a 3il ratio in favor of dark phase 
moths. Female reproductive status and number of 
spermatophores (number of matings) were determined. Females 
averaged 2.0 spermatophores per female, but ranged from 0 to 
7. Collection data suggest that females are long lived and 
continue to mate and oviposit during most of their adult 
lives. 
Damage produced by stalk borer larvae on 2- to 4-leaf 
stage corn was characterized as uninfested, leaf-feeding 
only, or dead-heart. Analyses of yield data from artificial 
infestations show that tissue yields of plants damaged by 
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only leaf-feediny were statistically similar to uninfested 
plants. Yields of plants sustaining dead-heart damage, 
however, were significantly reduced for the parameters of 
grain, cob, and total dry weights, but not for stalk weights. 
Although plants having dead-heart damage generally produced 
reduced' yields of reproductive tissues, yields of stalk 
tissue remained equivalent to those of uninfested and leaf-
feeding damaged plants. Lack of reproductive synchrony with 
healthy plants seemed to cause the reduced yields of plants 
sustaining dead-heart damage. In the absence of mortality, 
yield compensations by healthy plants growing near damaged 
plants were not observed. 
The dispersion of larvae within corn rows growing 
adjacent to brome grass terraces was best described as a 
quadratic relationship. Larvae were tightly clumped during 
early instars but became less so as the season progressed. 
Increases in the mobility of later instars and competition 
for finding undamaged host plants in corn rows located 
adjacent to the terrace may account for the observed 
dispersion pattern. The relationship between larval numbers 
and percent reduction of plant population and grain yiela was 
Uescribeo by linear equations. The relationship of larval 
number to percent barren plants, however, was best described 
using a quadratic equacion. In natural infestations, stalk, 
cob, and grain yields from plants sustaining only leaf-
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feeding injury were not significantly different from yields 
of uninfested plants. Dead-heart damaged plants, however, 
produced yields significantly lower than all other plants. 
Yield reductions for stalk, cob, and grain were approximately 
16%, 32%, and 39%, respectively. Unlike results presented in 
part 2 of this dissertation, stalk tissues were significantly 
reduced for dead-heart damaged plants. Because these plants 
were exposed to severe drought stress during the 1983 season, 
yields of stalk tissue may not have been regenerated after 
sustaining damage as was the situation in carefully monitored 
artificially infested plots near Ames, Iowa. 
Much research remains to be done on the stalk borer. A 
priority of such research should be the development of 
efficient sampling techniques for eggs and early larval 
stages located in field border areas. Information of this 
type is essential if larval outbreaks are to be successfully 
predicted before damage to corn seedlings actually occurs. 
In addition, control measures specifically focusing on 
overwintering eggs and/or newly emerged larvae may become 
feasible if these stages can be located and quantified. 
Other stalk borer research should emphasize the behavior of 
each larval stage from eclosion to pupation. This 
information coupled with existing yield-loss data, should 
allow for the development of meaningful economic injury 
levels and appropriate management techniques for this pest. 
82 
LITERATURE CITED 
Allen, J. C. 1976. A modified sine wave method for 
calculating degree days. Environ. Entomol. 5:338-396. 
Bird, II. 1898. Notes on the Noctuid genus Hvdraecia. 
Can. Entomol. 30*126-133. 
Bird, (1. 1902. New histories and species of Hvdraecia. 
Can. Entomol. 34:107-118. 
Bird, H. 1921. New species and life histories in Papaipema 
Sm. Can. Entomol. 53:79-80. 
Britton, w. E. 1919. The stalk borer. Conn. Agric. Exp. 
Stn. Tech. Bull. 218:180-183 
Drowning, J. C. 1952. Phalaenidae (Noctuidae) of central 
Iowa. M.S. Thesis. Iowa State University. 129 pp. 
Bruner, L., and M. Swenk. 1907. Some insects injurious to 
wheat during 1905-1906. Neb. Agric. Exp. Stn. Bull. 
96:33-35. 
Buntin, G. D., and L. P. Pedigo. 1933. Seasonality of green 
cloverworm (Lepidoptera: Noctuidae) adults and an expanded 
hypothesis of population dynamics in Iowa. Environ. 
Entomol. 12:1551-1558. 
Decker, G. C. 1931. The biology of the stalk borer, 
Papaipema nebris (Gn.). Iowa Agric. Exp. Stn. Res. Bull. 
143:289-351. 
83 
Decker, G. C. 193S. The parasites of some Lepidopterous 
stalk borers in Iowa. Iowa State College J. of Science. 
9:567-500. 
Duncan, D. B. 1955. Multiple range and multiple f tests. 
Biometrics 11:1-42. 
Dyar, K. C. 1902. A list of North American Lepidoptera. 
U. S. Nat. Mus. Bnl1. 52. 
Forbes, S. A. 1905. Noxious and beneficial insects. Pp. ^  
23rd report of 111. State Entomologist, Univ. of 111., 
Champaiqn-Urbana. 
Foster, 0. E., and W. C. Bailey. 1984. Insecticides for 
1985 Iowa corn production. Iowa Agric. and Home Econ. 
Exp. Stn., IC-404. 
Foster, D. E., and W. K. Wintersteen. 1984. Field corn, 
stalk borer control, 1983. Insect. Acar. Test. 9:233-234. 
Franklin, H. J. 1908. Description of larvae and pupae of 
certain species of Papaipema. Pp. ijn 12th report of 
Hinn. State Entomologist, Univ. of Minn., St. Paul. 
Guenee. 1352. Histoire naturelle des insectes spec. gen. 
des Lepidopteres. T. 5. Paris. 
Hampson, C. F. 1910. Catalogue of Lepidopterous phalaenae 
in the British Museum. Vol. 9. Br. Museum Dept. of 
Zoology, London. 
Howell, J. F. 1979. Phenology of the adult spotted cutworm 
in the Yakima Valley. Environ. Entomol. 8:1065-1069. 
84 
Hsiao, T. H., and P. G. tioldaway. 1966. Seasonal history 
and host synchronization of Lydela qreseacens (Dipterat 
Tachinidae) in Minnesota. Ann. Ent. Soc. Amer. 59:125-133. 
Jones, 0. 1984. Use, misuse, and role of multiple-
comparison procedures in ecological and agricultural 
entomology. Environ. Entomol. 13>635-649. 
Knutson, H. 1944. Minnesota Phalaenidae (Noctuidae). The 
seasonal history and economic importance of the more 
common destructive species. Minn. Agric. Exp. Stn. Tech. 
Bull. 165. 128 pp. 
Le Baron. 1872. The stalk-borer. Pp. 141-142 ^  2nd 
report of the 111. State Entomologist, Univ. Of 111., 
Champaign-Urbana. 
Levine, E. 1983. Temperature requirements for development 
of the Btalk borer, papaipema nebris (Lepidoptera; 
Noctuidae). Ann. Entomol. Soc. Am, 76:892-895. 
Levine, B., s. L. Clement, W. L, Rubink, and D. A, McCartney. 
1983. Regrowth of corn seedlings after injury at different 
growth stages by black cutworm, Agrotis ipsllon 
iLepidoptera: Noctuidae) larvae. J, Econ. Entomol, 
76:389-391. 
Levine, E., S, L, Clement, and D. A. McCartney. 1984. 
Effects of seedling injury by the stalk borer 
(Lepidopterous: Noctuidae) on regrowth and yield of corn, 
J. Econ. Entomol. 77:157-170. 
85 
Lintner, J. A. 1882. Gortyna nitela Guen. Pp. 110-116 
in the 1st report of the N.Y. State Entomologist, Cornell 
Univ., Ithaca. 
Lowry, P. R. 1927. The stalk boror. N. H. Agric. Exp. Stn. 
Tech. Bull. 34. 28 pp. 
Lyman, H. H. 1901. A new Gortyna, and notes on the genus. 
Can. Ent. 33:317-320. 
Maxwell, P. G., and P. R. Jennings. 1980. Breeding plants 
resistant to insects. John Wiley & Sons, New York. 
6^3 pp. 
Myers, T. v., and L. P. Pedigo. 1977. Seasonal fluctuations 
in abundance, reproductive status, sex ratio and mating of 
the adult green cloverworm. Environ. Entomol. 6:225-228. 
Riley, C. V. 1867. Dahlia and aster stalk borer. Prairie 
Farmer. 19:116-117. 
Riley, C. V, 1869. The stalk borer, Gortyna nitela Guenee-
noxious. Pp. 92-93 in 1st report of Beneficial and other 
insects of Missouri, Univ. of Mo., Columbia. 
Riley, C. V. 1881. Lepidopterological notes, papilio. 
1:106-110. 
Ritchie, S. W,, and J. J. Hanway. 1982. How a corn plant 
develops. Iowa Coop. Ext. Serv. Spec. Rep. 48. 21 pp. 
Rubink, W. L., and D. A. McCartney. 1982. Controlling stalk 
borer damage in field corn. Ohio Rep. 67:11-13. 
86 
Shaffer, J. M. 1890. Potato stalkborer in corn and ragweed. 
Insect Life. 2:375. 
Showers, W. B., L. Von Master, and P. G. Mulder. 1983. Corn 
seedling growth stage and black cutworm (Lepidoptera: 
Noctuidae) damage. Environ. Entomol. 12:241-244. 
Showers, w. B., R. E. Sechriest, f. T. Turpin, 2 B Mayo, and 
Szatmari-Goodman. 1979. Simulated black cutworm damage to 
seedling corn. J. Econ. Entomol. 72:432-436. 
Smith, E. A. 1877. The stalk borer - Gortvna nitela 
Guonee. Pp. 112-114 in the 7th report of 111. State 
Entomologist, Univ. of 111., Champaign-Urbana. 
Smith, J. B. 1893. Catalogue of the Lepidopterous 
superfamily Noctuidae found in boreal America. U. S. Nat. 
Mus. Bull. 44. 
Smith, J. D. 1899. Contributions toward a monograph of the 
Noctuidae of boreal N. America, revision of the genus 
Hydroecia Gn, Trans. Am, Bnt. Soc. 26:1-48, 
Smith, J. 8. 1905. The stalk borer. Pp. 584-587 the 
12th report of the N. J. Agric. Exp. Stn., Rutgers Univ., 
New Brunswick. 
Stinner, B. R,, D, A, McCartney, and W. L. Rubink. 1934. 
Some observations on ecology of the stalk borer (Papaipewa 
nebris (Gn.): Noctuidae) in no-tillage corn 
agroecosystems. J. Ga. Entomol, Soc, 19:228-229, 
87 
Washburn, P. L. 1908. Preliminary report upon work with 
the stalk borers in Minnesota. Pp. 151-155 ^  the 12th 
report oC the Minn. State Entomologis, Univ. of Minn., 
St. Paul. 
Washburn, P. L. 1910a. Notes on Papaipema nitela and P. 
cataphracta. J. Econ. Ent. 3:165-168. 
Washburn, F. L. 1910b. Further work upon the stalk borers. 
Pp. 85-94 in the 13th report of the Minn. State 
Entomologist, Univ. Minn., St. Paul. 
Williams, C. B. 1939. An analysis of four year's captures 
of insects in a light trap. Part 1. General Survey: sex 
proportions; phenology; and time of flight. Trans. R. 
Entomol. Soc. London. 89:79-131. 
York, G. T., J. C. Schaffner, and T. A. Brindley. 1955. 
Parasites of the European corn borer found infesting the 
stalk borer. J, Econ. Entomol. 48:765-766. 
88 
ACKftONLEOGNEIiTS 
1 wish to extend a special thanks to my major professor. 
Dr. Larry p. Pedigo, for his professional guidance, support, 
and encouragement. His excellent abilities at supervising 
research and encouragement to publish will always by 
remembered and hopefully emulated. Z also thank Dr. Jon J. 
Tollefson for being co-major professor of my committee and 
for his friendship and patience during my labors on the corn 
rootworm project during the early phase of my entomological 
career. Likewise, I thank the other members of my Ph.D. 
committee (Drs. Brbach, Mutchmor, and Stockdale) for their 
professional assistance. A special thank you is extended to 
Dr. David E. Foster for his recognition of my interest in 
Extension Entomology and for his excellent training and 
guidance of my extension career. Using the knowledge I 
gained from Dr. Foster, I hope to one day approach the high 
level of professionalism he displays in all levels of his 
position as Extension Entomologist. 
Many thanks are also extended to my fellow graduate 
student and technicians on the IPM Insect Project. Bandy 
Higgins, Dave Buntin, Ed Bechinski, Ken OstUe, Harlan 
Thorvilson, Paula Lasack, Scott Hutchins, Pheel Mulder, and 
Teresa Harper all contributed much to both conceptual and 
technical assistance throughout this project. A very special 
thanks goes to Leon Higley for his excellent editorial 
89 
advice, scientific assistance, and most important, his 
friendship. Other persons X would like to thank for their 
:ontributions to the phenology section of my dissertation 
include Adrian Hull, Ralph Spomer, Howard Knox, Bob 
foggensee, and especially Mike Sukup. 
Finally, I wish to thank some people who are very 
special to me. First I thank Eleanor Menke for instilling in 
me, at An early age, the desire to attend college and become 
an "enginter". I still like trains, but the study of the 
biological sciences was much more soothing to my digestive 
tract than calculus or physics. Next I thank Cynthia Seymour 
for her encouragement to leave a teaching career and embark 
on the rigors of obtaining graduate degrees. 1 also thank my 
parents, Edward and Eleanor Bailey, for providing 
encouragement, support, and freedom to follow my career 
intereste, however strange they seemed to them. In addition, 
I thank fiob and Betty Seymour for their continuous support 
and valued friendship during much of my life. Undoubtedly, 
the most essential assistance was provided by my wife, Sandra 
and son, Kyle, Without their support, sacrifices, 
encouragement, and love, the end product of a graduate degree 
would not have been so easily realized. I extend a sincere 
thank you to all. 
